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Infiltration Through Reconstructed 
Surface Mined Spoils and Soils 
A. D. Ward, L. G. Wells, R. E. Phillips 
ASSOC. MEMBER MEMBER 
ASAE ASAE 
ABSTRACT 
AN extensive series of tests involving reconstructed profiles of spoil and topsoil material from a Western 
Kentucky surface mine site was conducted with a 
laboratory infiltrometer system. Infiltration through the 
reconstructed spoil profiles was very slow despite the 
coarse nature of the material. Low infiltration rates 
could be attributed to the material having a well-graded 
texture and to the high densities of the profiles. 
Infiltration through topsoil horizons was controlled, for 
the most part, by conditions at the surface. Following 
wetting, infiltration rates were primarily controlled by 
the hydraulic characteristics of the less permeable 
sub horizon of the spoil material. Except in very early 
stages, rainfall rate had little effect upon infiltration rate 
(or volume) through the spoil and topsoil profiles. 
Infiltration was, however, significantly influenced by 
initial moisture content and density. 
BACKGROUND 
Reclamation of surface-mined land is a complex 
process which may be described as a rebuilding or 
reconstruction of the land profile followed by a series of 
silvicultural or agricultural activities to revegetate the 
land surface. Under the provisions of current 
regulations, a surface layer of topsoil ranging from 0.1 to 
1.0 m will overlay the reconstructed land profile. The 
spoil material is usually blasted sandstone and shale and 
may contain a mixture of particles ranging from colloidal 
size up to very large boulders. Depending on the nature 
of the replacement operation, the final profile might be 
very porous or highly compacted. The topsoil layer will 
also vary widely in hydraulic properties depending on the 
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depth of the layer, the topsoil material, and the handling 
procedures. 
Formulators of surface mining regulations have 
recognized that protection of the environment will 
require a sound understanding of the hydrologic balance 
of the disturbed watersheds. One of the major 
components of the hydrologic balance is infiltration and 
thus the ability of water to move into and through 
reconstructed profiles is of fundamental importance in 
determining the success of reclamation efforts. 
While the infiltration process has been studied 
extensively during the last half century, such research on 
drastically disturbed surface-mined lands only recently 
begun to see widespread interest. Lusby and Toy (1976) 
found runoff from surface mine spoils at two Wyoming 
sites to be substantially higher than that of undisturbed 
parent material for high antecedent moisture conditions. 
Gilley et al. (1976) and Arnold and Dollhopf (1977) also 
found infiltration rates through spoils to be slower than 
for natural soils. Schafer et al. (1979), however, reported 
no significant differences between infiltration rates in 
Montana mine spoils and natural soils. 
Rogowski and Jacoby (1979) conducted infiltration 
studies using surface mine spoil and soil material from 
Pennsylvania. Large caissons (3.6 m deep x 2.4 m dia) of 
these materials were instrumented and subjected to 
surface applied water. Infiltration through spoil material 
was rapid in comparison with spoil overlaid by topsoil, 
and this was attributed to large fissures which formed in 
the spoil material. Rogowski and Weinrich (1981) 
showed that infiltration and redistribution in the 
topsoil/spoil caisson compared well with a numerical 
solution of the moisture diffusion equation whereas there 
was poor agreement for the spoil material alone owing to 
the presence of large voids. They reported saturated 
hydraulic conductivities ranging from 14.4 cm/h to 765 
cm/h for surface mined spoils and soils. Conductivities 
in the spoil materials were found to be 14 times greater 
than in the soil materials. The very high conductivities 
for the spoil were attributed to the large rocks contained 
in the profiles. The flow mechanism during 
''infiltration'' was described as gravity flow through the 
large fissures formed by the rocks and boulders 
contained in the profiles. McWhorter et al. (1979) 
conducted an extensive study of surface mine watersheds 
in Colorado and Montana and found close agreement 
between measured infiltration in reconstructed profiles 
and that predicted by the moisture diffusion equation. 
They reported saturated hydraulic conductivities ranging 
from 2.17 to 70.8 cm/h, depending on the bulk density 
of several western U.S. spoil profiles. Younis and 
Shanholtz (1980) compared hydraulic properties of pre-
and post-mining soil profiles in West Virginia and found 
reclaimed profiles to exhibit significantly reduced water 
holding capaci t ies and sa tura ted hydraul ic 
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conductivities. Specifically, they reported saturated 
hydraulic conductivities of 0.54 to 2.85 cm/h in 
undisturbed profiles and a value of 0.03 cm/h in a 
reclaimed profile. 
Research results to date concerning infiltration into 
reconstructed surface mine profiles show widely different 
results. The work reported herein seeks to interpret the 
results of numerous laboratory experiments in terms of 
physical properties determined for soil and spoil 
materials which are representative of a Western 
Kentucky mine site. The main objectives of the research 
presented in this paper were to: 
1. Determine hydraulic characteristics in the surface 
horizons of reconstructed surface mine spoils and soils 
from Western Kentucky. 
2. Evaluate the effects of initial soil moisture 
conditions, profile bulk density, and rainfall intensity on 
infiltration through these reconstructed profiles. 
EXPERIMENTAL APPARATUS 
To meet the objectives of the study an infiltrometer 
system was constructed at the Agricultural Engineering 
Department at the University of Kentucky. The 
infiltrometer system consists of a rainfall simulator and 
two instrumented soil bins. The rainfall simulator is a 
drip-former type simulator and is based on the design 
reported by Brakensiek et al. (1979). The kinetic energy 
of the drops falling onto the surface of a profile is 70 to 
90% of that of natural rainfall as determined using the 
drop size distributions at various intensities reported by 
Laws and Parsons (1943). 
The soil/spoil bins are 0.9 x 1.8 x 1.1 m and are 
supported 1.7 m above the floor (Fig. 1). Six vertical 
access tubes on 30.5 cm centers were provided in order to 
scan the profiles at five different locations within each 
bin. An observation platform is located between the bins 
and a plexiglas window was placed on one side of each 
bin. Provision was made in each bin for the insertion of 
24 tensiometers connected to mercury manometers (Fig. 
1). The first level of tensiometers was positioned in a 
horizontal plane 15.2 cm below the top of the bin or 
approximately 7.6 cm below the soil/spoil surface. Each 
subsequent layer was located at 15.2 cm intervals. A total 
of four tensiometers was located at each level. 
Tensiometer positions were determined so that they were 
centered between the gamma probe access tubes. 
Tensiometers in a vertical plane were staggered so that 
the top one was inserted the shortest distance and the 
bottom tensiometer was inserted the furthest distance. 
Positioning was such that the soil/spoil above each 
ceramic cup was uninterrupted. 
Density and water content were measured in the bins 
using a Troxler two-probe gamma density gauge with a 
CS-137 source. The source and detector were mounted 
vertically in a pair of guide tubes set on 30.5 cm centers. 
The detector counts gamma photons passing through a 
pyramid with a rectangular base of 1.3 x 3.8 cm and a 
height of 30.5 cm. The system, therefore, gave an 
estimate of the density of a 1.3 cm deep strata of soil 
between the two guide tubes. By knowing the initial 
moisture content of the soil, the instrument was used to 
measure changes in soil water content and bulk density. 
The reader is referred to Ward et al. (1981) for 
additional details concerning the infiltrometer system. 
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Fig. 1—Illustration of soil bins and bin supports. 
EXPERIMENTAL PROCEDURE 
The surface mine spoils and soils were obtained from 
the Peabody Coal Company Alston surface mine located 
in Ohio County in Western Kentucky. The topography 
consists of rolling hills with narrow valleys. Elevations 
range from 120 to 150 m above sea level. 
The spoil material which was collected for use in the 
study was a mixture of grey and dark shale and 
sandstone that overlay the No. 9 coal seam which is in the 
Carbondale formation of the Pennsylvania System. 
Topsoil material was a mixture of Belknap silt loam and 
Sadler silt loam. Only particles larger than 25 cm were 
discarded during collection of the spoil material, and 
because such particles represented a relatively small 
percentage of the total collected (< 1% by weight), the 
material transported to the laboratory was assumed to be 
representative of the site in queston. 
Construction and Characteristics of Profiles 
Both bins were initially filled with spoil material 
(profiles 1 and 2). The bins thus constructed were 
intended as replicates of spoil profiles which were 
representative of field conditions. During construction, 
all material placed in the bins was weighed and samples 
were extracted for gravimetric determination of soil 
moisture content. Initial dry bulk density for each new 
profile was deteremined directly at specified depths and 
compared with values indicated by the gamma probe. 
Agreement was excellent, being within two percent for 
each profile. 
In order to investigate the effect of surface conditions 
upon infiltration, the upper 20 cm of spoil material from 
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profiles 1 and 2 was removed and replaced by other 
material. To simulate spoil material covered with topsoil, 
moderately compacted topsoil material was placed atop 
each bin to form replicate profiles (profiles 3 and 6). 
Additionally, compacted spoil material was placed in the 
upper 20 cm to simulate possible adverse machine-
related effects upon infiltration (profile 4) and loose 
topsoil material was installed to simulate the effects of 
surface tillage operations (profile 5). 
To measure changes in moisture content with the 
gamma probe, it was necessary to determine the void 
ratio of the profiles at each position on the monitoring 
grid. Void ratios were calculated based on the procedure 
recommended by Rawls and Brooks (1977) using initial 
gravimetric determinations of soil moisture content. To 
check the calculated void ratios and soil moisture 
contents, samples were taken for gravimetric analysis at 
the end of a test cycle on a profile. Gamma probe 
estimates were always found to be within 10 percent of 
the gravimetric determinations of the moisture content. 
The specific gravity of the materials was determined 
using standard procedures (Black et al., 1965). The 
specific gravity of the soil and spoil material was 
determined to be 2.72 and 2.68, respectively. 
Determination of Physical Properties of the Materials 
Particle Size Distributions: Particle size distributions 
for spoil and soil were determined using standard wet 
and dry sieve analysis techniques for coarser particles 
and pipet techniques for fine silts and clays (Black et al., 
1965). A crust or seal formed at the surface during 
infiltration tests involving topsoil material and a particle 
size analysis was also performed on samples of this 
material. 
Soil Water Characteristics: Relationships between the 
soil water (matric) potential and the moisture content 
were determined for the two materials by two techniques. 
The first technique was the standard pressure chamber 
procedure described by Richards in Black et al. (1965). 
The second method used in the study was based on the 
procedure described by Idike (1977) for desorption data. 
The relationship between the soil moisture content and 
the matric potential is given by the equation 
x}j = x 6 ! - b t 1 1 
where \\> is the matric potential (cm), 6 is the soil 
moisture content (cm/cm), x is the log-log plot intercept 
(cm), and b is the slope of the log-log plot. 
Hydraulic Conductivity: Unsaturated hydraulic 
conductivity relationships were determined by 
Campbells' method (Campbell, 1974) and by the "zero 
flux', procedure (Arya et al., 1975). Campbell's equation 
for estimating unsaturated hydraulic conductivity is as 
follows: 
K = K s (0 /0 s )
2 b + 3 [2] 
where Ks is the saturated hydraulic conductivity, K is the 
unsaturated hydraulic conductivity at the volumetric 
moisture content 0, and b is the slope term from 
equation [1]. Campbell's method assumes that the 
matric potential can be described by the relationship: 
i// = ^ e < 0 / 0 s r
b [3] 
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where yj is the matric potential, \\>e is the air entry matric 
potential. 
The "zero flux" procedure gives a simple numerical 
solution to Richards' equation (Skaggs et al., 1981) 
under the conditions where a field saturated soil is drying 
due to upward and downward movement of the soil water 
from a planar "zero flux" boundary. As the soil dries, 
this "zero flux" boundary moves down the soil profile 
thus maintaining the condition of no soil water 
movement across the boundary. The upward hydraulic 
conductivity at a depth za above the zero flux boundary is 
given by the equation: 
za 
K0/>zJ = J O0/at)dz / oo/az) . [4] 
a zo ' a 
where t is time and $ is the total hydraulic head. To 
obtain solutions to this equation, the soil moisture 
content and matric potential profile at several points in 
time after rainfall must be determined. 
Infiltration Experiments 
Objective 2 of the study was to evaluate the influence 
of rainfall intensity, initial moisture content, and bulk 
density on infiltration through a reconstructed soil/spoil 
profile. Tests were conducted at rainfall intensities of 
approximately 1, 2, and 3 cm/h. Initial soil/spoil 
moisture contents ranged from air dry to field capacity. 
A total of six different soil/spoil profiles were evaluated. 
Tests described as air dried were conducted on newly 
constructed profiles at the soil moisture content of the 
material as it was found when removed from the storage 
bags. Tests at or near field capacity were conducted 12 to 
36 h after a test at an intermediate moisture condition. 
The intermediate initial moisture condition (less than 
field capacity) was established by slowly drying the 
material for a period of 5 to 7 days. Drying was induced 
by blowing air across the surface of the profile. 
Infiltration volumes were determined by two different 
procedures. A complete scan of a profile was made at the 
start and end of each test with the gamma probe. 
Moisture contents were determined every 2.5 cm down 
the profile and at 4 to 5 locations across the profiles. The 
difference between the initial and final moisture contents 
gave one measure of the infiltration volume. The second 
procedure assumed that the difference between the 
applied rainfall (estimated from rainfall simulator 
calibration) and the surface runoff volume (measured 
directly) infiltrated into the profiles. 
RESULTS 
Physical Characteristics of the Profiles 
Table 1 provides a summary of variations in bulk 
density, porosity and void ratio with depth for the various 
simulated spoil/soil profiles. Results of the particle size 
analyses for the various materials are presented in Fig. 2. 
Aggregated spoil material contained essentailly no 
particles finer than medium silt whereas the dispersed 
spoil material was characterized by approximately 10% 
(by weight) of particles finer than silt. This indicates the 
probable occurrence of secondary particles in the 
sandstone matrix. Approximately 25% (by weight) of the 
spoil material samples consisted of particles of gravel size 
or larger, i.e. 0.1 to 25 cm in diameter. 
Figs. 3 and 4 show the composite results of the 
determinations of soil water characteristic (0 vs. if>) 
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TABLE 1. PHYSICAL CHARACTERISTICS OF EXPERIMENTAL SOIL/SPOIL PROFILES. 
Profile 
1 
2 
3 
14 
5 
6 
Material 
Spoil 
Spoil 
Topsoil 
Spoil 
Spoil 
Topsoil 
Spoil 
Topsoil 
Spoil 
Depth 
(cm 
0.0 -
15.2 -
30.5 -
0.0 -
15.2 -
30.5 -
0.0 -
15.2 -
30.5 -
0.0 -
15.2 -
30.5 -
0.0 -
15.2 -
30.5 -
0.0 -
15.2 -
30.5 -
) 
15.2 
30.5 
^45.7 
15.2 
30.5 
45.7 
15.2 
30.5 
45.7 
15.2 
30.5 
45.7 
15.2 
30.5 
45.7 
15.2 
30.5 
45.7 
Void 
Mean 
0.535 
0.638 
0.530 
0.562 
0.539 
0.563 
0.856 
0.587 
0.563 
0.449 
0.499 
0.530 
0.980 
0.540 
0.563 
0.878 
0.506 
0.530 
Ratio 
Deviation 
0.072 
0.065 
0.058 
0.063 
0.072 
0.091 
0.134 
0.073 
0.091 
0.061 
O.O63 
0.058 
0.138 
0.068 
0.091 
0.121 
0.070 
0.058 
Mean 
0.347 
0.388 
0.345 
0.359 
0.349 
0.358 
0.458 
0.369 
0.358 
0.309 
0.332 
0.345 
0.493 
0.350 
0.358 
0.465 
0.335 
0.345 
Porosity 
Deviation 
0.031 
0.026 
0.025 
0.027 
0.031 
0.039 
0.040 
0.029 
0.039 
0.030 
0.028 
0.025 
0.037 
0.029 
0.039 
0.037 
0.031 
0.025 
Bulk 
Mean 
(g/ 
1.750 
1.639 
1.754 
1.719 
1 .745 
1 .720 
1 .474 
1.692 
1 .720 
1.853 
1.790 
1.754 
1 .380 
1.743 
1 .720 
1.455 
1.783 
1.754 
Density 
Deviation 
cm3 ) 
0.084 
0.070 
0.067 
0.072 
0.082 
0.106 
0.110 
0.077 
0.106 
0.081 
0.076 
0.067 
0.101 
0.077 
0.106 
0.100 
0.084 
0.067 
relationships for the various soil and spoil profiles, 
respectively. The various curves represent the least 
squares fit of equations 1 or 3 to the values of 0(t^) 
measured in the respective profiles. The reduced water 
holding capacity of the dense spoil material (profile 4) 
compared with the other profiles (nos. 1 and 2) is 
evident, with comparative porosites of 0.309 versus 0.347 
and 0.359, respectively. Similar correspondence between 
topsoil horizons of varying compactness are also 
indicated. Pressure chamber test results agree best with 
spoil profile determinations, with the apparent 
discrepancy for loose topsoil probably due to over-
compaction of the samples. A summary of regression 
coefficients corresponding to equations [1] and [3], 
goodness of fit, and other information relevant to the 
0(if>) relationships is compiled in Table 2. 
Hydraulic conductivities for the spoil material were 
determined at effective saturation based on an analysis of 
the infiltration test results and the long duration steady 
state tests. For profiles 1 and 2, effective saturation was 
estimated as 91% of saturation and the effective 
saturated hydraulic conductivities were calculated to be 
700 
0.01 0005 
DIAMETER (mm) 
Fig. 2—Spoil and topsoil particle size distributions. 
PRESSURE CHAMBER T E S T S 
LAROE RIN0S 
SMALL RINOS 
R E P L I C A T E D TOPSOIL PROFILES 
1'ROFILi: 3 
PROFILF. 6 
T I L L E D TOPSOIL PROFILE 
MIAtURCMCNTt COOA1 
(PHOFtL t MBTMOD) 
l 'ROI ILF 5 " 
1 I 1 L_ 
01 0 2 0.3 0.4 
DEGREE OF SATURATION ( 9 / e s ) 
Fig. 3—Soil water characteristics for topsoil material. 
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REPLICATED SPOIL PROFILES 
COMPACTED SPOIL PROFILE 
PRESSURE CHAMBER TESTS 
R«E RINGS O 
ALL RIN8S A 
~0 01 0 2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 
DEGREE OF SATURATION ( 0 / e s ) 
Fig. 4—Soil water characteristics for spoil material. 
0.14 and 0.22 cm/h, respectively. For profile 4, effective 
saturation was estimated as 85% of saturation and the 
effective saturated hydraulic conductivity was estimated 
as 0.04 cm/h. Determination of effective saturation 
conditions for the two layer topsoil/spoil profiles was 
more complex because of the rapid infiltration through 
surface cracks and the shallow depth to the impeding 
spoil layer. The theoretical saturated hydraulic 
conductivity (100% of saturation) of the two more dense 
profiles (nos. 3 and 6) was estimated as 1.0 cm/h. The 
theoretical saturated hydraulic conductivity of the less 
dense profile (no. 5) was estimated as 6.8 cm/h. 
Unsaturated hydraulic conductivity relationships for 
the various topsoil and spoil profiles are shown in Figs. 5 
and 6, respectively. Results indicate relatively good 
agreement between "zero flux" determinations and 
Campbell's model (equation [2]) and also show expected 
variance attributable to differences in porosity. 
ZERO FLUX 
MEASURENTS 
CAMPBELLS 
EQUATION (2) 
COMPACT TOPSOIL 
PROFILE (6) 
LOOSE TOPSOIL 
PROFILE (5) 
J I 1 I I I 
• / 
J I I ' 1/ I I I 
005 01 0.2 0.4 0.6 0.8 10 
DEGREE OF SATURATION (6/6s) 
Fig. 5—Hydraulic conductivity vs. degree of saturation for topsoil 
material. 
Estimates of parameters in Campbell's equation are also 
compiled in Table 2. 
Infiltration Experiments 
Typical infiltration results are presented in Fig. 7. In 
Fig. 7(a) the transient infiltration rates during each of 
the tests conducted with "air dry" initial mosisture 
conditions are presented. All three of the topsoil/spoil 
profiles exhibited much higher infiltration rates and 
longer times to surface ponding than the three spoil 
profiles. Tests 11 and 52 were conducted on profiles with 
very similar physical characteristics (profiles 3 and 6). 
The transient infiltration results show very similar results 
for these two tests. The tests conducted on the spoil 
profiles (tests 1, 5, and 27) show higher infiltration rates 
TABLE 2. SOIL WATER CHARACTERISTIC AND HYDRAULIC CONDUCTIVITY PARAMETER ESTIMATES. 
Profile 
1 
2 
3 
4 
5 
6 
1 & 2 
Material 
Spoil 
Spoil 
Topsoil* 
Spoil* 
Topsoil* 
Topsoil* 
Spoil 
Porosity 
(vol/vol) 
0.347 
0.359 
0.458 
0.309 
0.493 
0.465 
0.348 
X 
(cm) 
0.014 
0.057 
0.0027 
1.350 
0.078 
0.062 
0.037 
^e Wetting 
(cm) 
6.58 
8.32 
2.67 
16.94 
3.99 
6.09 
8.00 
b 
5.80 
4.88 
8.90 
2.16 
5.60 
6.03 
5.09 
2b + 3 
14.60 
12.76 
20.80 
7.32 
14.20 
15.06 
13.18 
r2 
0.79 
0.82 
0.83 
0.93 
0.91 
0.91 
0.80 
Number 
Points 
55 
66 
7 
19 
21 
12 
121 
*Dense p r o f i l e s . 
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1 
0.1 
0.01 
0001 
2 
-
1
1
1 
i 
i 
i 
i 
i 
i 
-
i 
1
1
1 
i 
i 
i 
i 
i 
i 
REPLICATED 
PROFILES 
COMPACTED 
PROFILE 
1 1 1 1 1 
SPOIL 
(1 8 2 ) 
SPOIL 
( 4 ) 
ZERO FLUX 
MEASUREMENTS 
1 
• 
• 
1 
STEADY CAMPBELLS 
STATE EQUATION (2) 
® 
O 
/ 
/ 
L 
f\ 
i 
/ 
' 
$ 
/ 
l i 1 1 1 1 
0.05 0.2 0.4 0.6 0.8 1.0 
DEGREE OF SATURATION ( 0 / 0 , ) 
Fig. 6—Hydraulic conductivity vs. degree of saturation for spoil 
material. 
initially for the profiles with the lower bulk densities at 
the surface (nos. 1 and 2). Final infiltration rates for 
these three profiles are similar for these three tests. 
Tables 3 and 4 present a compilation of information 
and results concerning each of the 34 tests for the spoil 
profiles and 27 tests for the topsoil/spoil profiles, 
respectively. Figs. 7(b) and 7(c) present typical results 
from the several infiltration tests conducted on each of 
the profiles at intermediate and relatively wet initial 
moisture contents. As was the case for dry initial 
conditions, there is general agreement in infiltration 
response between similar profiles (nos. 1 vs. 2 and nos. 3 
vs. 6) except for the early stages of the intermediate 
initial moisture content test where a higher rainfall rate 
appeared to limit infiltration in profile no. 1. 
DISCUSSION 
Physical Characteristics of Profiles 
The test profiles were compacted at bulk densities 
similar to those found at the surface of reclaimed minied 
areas. Barnhisel et al. (1979) reported field bulk 
densities for reconstructed Sadler and Belknap silt loams 
at Alston Mine at 1.36 to 1.58 g/cm3. Although no spoil 
densities were reported in the study by Barnhisel et al., 
subsoil horizons ranged in density from 1.62 to 1.72 
g/cm3. Water holding capacities of the topsoil horizons 
are similar to those reported by Huntington and 
Barnhisel (1980) for the same topsoil materials. 
Based upon the distribution of primary particle sizes 
(dispersed), the topsoil material is classified as a silt 
loam. Fig. 2 indicates an expected variance between 
aggregate and primary particle sizes characteristic of a 
Fig. 7—Infiltration rate vs. time measured for experimental spoil/soil 
profiles at dry (A), intermediate (B) and wet (C) initial moisture 
contents. 
silt loam soil of moderate structure. The relationship for 
the " surface seal" material falls between the other 
relationships, indicative of a partial breakdown of soil 
aggregates by impinging raindrops. 
Evangelou et al. (1982) reported saturated hydraulic 
conductivities of 0.02 to 0.50 cm/h for small scale 
laboratory profiles of Western Kentucky pyritic shale 
material. This study also reported very high salt 
concentrations in the profile and determined that the 
saturated hydraulic conductivity increased rapidly with 
reduction in salt concentration in the profile. The 
saturated hydraulic conductivity values are consistent 
with results obtained in this study, however, no clear 
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TABLE 3. INFILTRATION RESULTS FOR SPOIL PROFILES. 
Test 
Rainfall 
Rate 
Profile No. Porosity (cm/hr) 
1 1 0.347 3.05 
2 
4 
6 
10 
3 
7 
3.17 
1.02 
1.02 
0.91 
3.30 
2.67 
2 5 0.359 3.05 
8 
12 
20 
25 
33 
9 
14 
17 
26 
30 
15 
18 
28 
34 
2.79 
2.79 
2.67 
2.67 
2.54 
2.79 
2.03 
2.03 
1.88 
2.03 
2.03 
1.93 
1.88 
2.03 
4 27 0.309 3.05 
29 
31 
39 
35 
44 
49 
32 
40 
36 
46 
51 
2.03 
1.93 
1.93 
1.14 
1.27 
2.92 
1.93 
2.03 
1.14 
1.27 
2.54 
Duration 
(min) 
600 
600 
480 
480 
240 
540 
210 
240 
360 
210 
270 
270 
180 
160 
255 
210 
180 
320 
240 
180 
180 
150 
240 
330 
330 
240 
360 
360 
300 
240 
300 
240 
270 
240 
Rainfall 
Volume 
(cm) 
30.5 
31.7 
8.2 
8.2 
4.1 
29.7 
9.3 
12.2 
16.7 
9.8 
12.0 
12.0 
7.6 
6.7 
8.6 
7.1 
5.6 
8.3 
8.1 
5.8 
5.6 
5.1 
12.2 
8.7 
10.0 
7.7 
6.8 
7.6 
14.6 
7.2 
10.2 
4.6 
5.8 
10.2 
Degree of 
Saturation 
Initial 
(%) 
9.4 
57.1 
57.8 
61.0 
59.9 
61.8 
63.7 
7.5 
35.9 
52.9 
49.7 
51.9 
48.7 
43.0 
49.3 
54.6 
57.9 
54.3 
77.2 
75.8 
68.6 
69.7 
20.7 
41.8 
44.2 
43.0 
43.1 
39.7 
44.7 
66.9 
67.5 
69.4 
64.9 
69.0 
Final 
(%) 
73.9 
78.0 
79.1 
83.5 
81.5 
83.5 
84.8 
81.4 
77.6 
76.3 
34.3 
85.4 
76.2 
78.9 
84.4 
83.4 
84.9 
88.8 
90.4 
88.5 
84.9 
82.0 
67.7 
68.7 
67.4 
68.4 
68.7 
70.7 
69.6 
80.3 
78.4 
77.8 
76.2 
78.1 
Time to 
Surface 
Ponding 
(min) 
11.7-17.5 
4.7- 7.0 
21.0-31.5 
19.7-19.5 
28.7-43.0 
1.0- 1.5 
7.7-11.5 
8.7-13.0 
7.3-11.0 
5.0- 7.5 
10.3-15.5 
9.0-13.5 
11.3-17.0 
7.3-11.0 
10.3-15.5 
9.0-13.5 
10.3-15.5 
9.3-14.0 
6.3- 9.5 
5.0- 7.5 
11.0-16.5 
7.3-11.0 
7.0-10.5 
1.3- 2.0 
1.0- 1.5 
1.3- 2.0 
0.3- 0.5 
3.3- 3.5 
2.7- 4.0 
0.7- 1.0 
0.3- 0.5 
0.7- 1.0 
0.7- 1.0 
0.7- 1.0 
Infiltration 
Total 
Volume 
(cm) 
5.89 
1.99 
1.52 
1.84 
1.28 
2.47 
1.36 
4.91 
2.66 
1.50 
2.56 
2.44 
1.88 
1.58 
2.50 
1.97 
1.80 
3.65 
1.82 
1.50 
1.26 
1.24 
2.58 
1.33 
1.32 
1.32 
1.40 
1.73 
1.26 
0.87 
0.91 
0.65 
0.89 
0.82 
Final 
Rate 
(cm/hr) 
0.22 
0.06 
0.08 
0.12 
0.07 
0.19 
0.12 
0.68 
0.25 
0.14 
0.16 
0.23 
0.32 
0.19 
0.31 
0.22 
0.32 
0.24 
0.35 
0.23 
0.27 
0.17 
0.43 
0.09 
0.08 
0.21 
0.14 
0.16 
0.20 
0.28 
0.13 
0.14 
0.05 
0.17 
relationship was established between leachate salt 
concentrations and hydraulic conductivity. Early in the 
series of infiltration tests, drainage from the profiles 
exhibited an electrical conductivity of over 15,000 
/^mhos. In later tests the leachate electrical conductivity 
was only 3000-6000 fimhos. This resuction in salt 
concentration did not appear to affect the soil water 
characteristics results. Because of the shallow nature (90 
cm) of the profiles, salt movements in the laboratory 
might not be typical of field conditions. 
Two methods were used to determine unsaturated 
hydraulic conductivities for the profiles. There was good 
agreement between the two methods. The Campbell 
method is much simpler than the "zero flux" method, 
but is limited in that it can only be used to develop 
relative conductivity relationships. A second method is 
required to establish the saturated or effective saturated 
hydraulic conductivity. In this study, the final steady 
state infiltration rate appeared to be a good estimate of 
the effective saturated hydraulic conductivity. The "zero 
flux" procedure worked well, but is fairly time 
consuming and difficult to use. The method is greatly 
influenced by nonhomogeneous conditions in the profile, 
differential wetting and drying in different regions of the 
profiles, and localized gradient reversals. 
As indicated previously, a wide range in saturated and 
unsaturated hydraulic conductivitis was found in other 
studies on surface mined materials. Apparent saturated 
hydraulic conductivities determined in this study were 
significantly lower for both spoil and soil/spoil profiles 
than those reported by Rogoswki and Weinrich (1981). 
The results reported by McWhorter et al. (1979) and 
Younis and Shanholtz (1980) are in closer agreement 
with the above findings, and in view of the fact that the 
material used to construct the profiles in this study was 
representative of spoil material at the site (i.e. no 
significant amount of particles > 25 cm in diameter), 
these results are probably characteristic of field 
conditions in Western Kentucky, where reduced 
infiltration capacity is commonly observed in reclaimed 
areas. 
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TABLE 4. INFILTRATION RESULTS FOR TOPSOIL/SPOIL PROFILES. 
Test 
Rainfall 
Rate 
Profile No. Porosity (cm/hr) 
3 11 0.458 2.92 
16 
19 
21 
13 
23 
22 
24 
2.92 
2.03 
2.03 
2.92 
2.54 
2.03 
2.03 
5 37 0.493 2.92 
41 
43 
47 
54 
58 
38 
42 
45 
48 
50 
55 
59 
2.03 
2.03 
2.03 
2.03 
2.03 
2.92 
2.03 
2.03 
2.03 
2.03 
2.03 
2.03 
6 52 0.465 3.05 
56 
60 
53 
57 
61 
2.03 
2.03 
2.03 
2.03 
2.03 
Duration 
(min) 
300 
180 
180 
180 
180 
180 
180 
125 
210 
135 
135 
135 
140 
140 
75 
80 
85 
75 
80 
80 
75 
175 
120 
120 
90 
120 
120 
Rainfall 
Volume 
(cm) 
14.6 
8.8 
6.1 
6.1 
8.8 
7.6 
6.1 
4.2 
10.2 
4.6 
4.6 
4.6 
4.7 
4.7 
3.7 
2.7 
2.9 
2.5 
2.7 
2.7 
2.5 
8.9 
4.1 
4.1 
3.0 
4.1 
4.1 
Degree of 
Saturation 
Initial 
(%) 
3.9 
60.0 
63.7 
61.9 
69.7 
76.1 
76.2 
73.3 
4.9 
54.1 
58.3 
54.3 
54.0 
51.6 
71.0 
67.8 
71.2 
63.9 
64.4 
65.2 
68.4 
10.7 
56.1 
59.4 
75.0 
75.7 
74.9 
Final 
(%) 
88.2 
83.4 
80.8 
>80.9 
85.1 
83.9 
85.5 
83.4 
59.6 
80.1 
79.6 
80.0 
81.4 
80.7 
84.7 
81.5 
83.9 
78.4 
80.6 
81.3 
80.5 
80.8 
79.6 
78.0 
86.7 
83.0 
82.6 
Time to 
Surface 
Ponding 
(min) 
22.7-34.0 
3.7- 5.5 
2.0- 3.0 
2.0- 3.0 
3.3- 5.0 
0.7- 1.0 
1.0- 1.5 
1.0- 1.5 
46.0-69.0 
18.0-27.0 
8.3-12.5 
7.3-11.0 
18.3-27.5 
20.7-31.0 
5.3- 8.0 
6.7-10.0 
5.7- 8.5 
5.7- 8.5 
3.3- 5.0 
7.0-10.5 
4.0- 6.0 
17.3-26.0 
7.3-11.0 
4.7- 7.0 
2.3- 3.5 
2.3- 3.5 
0.7- 1.0 
Infiltration 
Total 
Volume 
(cm) 
8.06 
2.60 
1.86 
1.87 
1.90 
0.91 
1.17 
0.93 
8.35 
3.28 
2.54 
2.83 
3.48 
3.49 
1.78 
1.35 
1.24 
1.95 
1.96 
2.07 
1.42 
5.70 
2.27 
1.90 
1.20 
0.69 
0.99 
Final 
Rate 
(cm/hr) 
0.84 
0.29 
0.26 
0.38 
0.34 
0.37 
0.33 
0.35 
2.65 
0.89 
0.63 
0.96 
0.78 
0.74 
0.52 
0.63 
0.63 
1.46 
0.71 
0.49 
0.46 
1.26 
0.53 
0.49 
0.49 
0.17 
0.24 
Infiltration Experiments 
Infiltration through the spoil profiles occurred as a 
uniform wetting front. For the air dry and intermediate 
dry initial moisture conditions, the advance of the 
wetting front could be observed through the plexiglass 
window. It was noted that when the front reached a 
pebble or small rock, infiltration would continue to occur 
on either side of the obstacle, but the area below the 
obstacle would remain dry for a considerable time. 
Wetting of the area 1-3 cm below an obstacle appeared to 
occur through horizontal soil water movement. 
Movement of the wetting front was also monitored with 
the gamma probe. Results from the probe indicated that 
the level of the wetting front in the profile was almost 
planar at any point in time. Variations in the level of the 
front at any given time were 0-5 cm. A typical result from 
the gamma probe, which shows the advance of the 
wetting front during a test conducted at an intermediate 
initial moisture condition, is presented in Fig. 8. 
Advance of such fronts was very slow, never exceeding 
about 5 cm/h. Such behavior contrasts with the results 
reported by Rogowski and Weinrich (1981) wherein 
infiltration occurred via large fissures and no definable 
wetting front was observed. 
Surface Ponding: Generally, surface ponding would 
begin within a few minutes of a test. Records were made 
of the times at which a visually-estimated 25, 50 and 75 
percent of the surface was ponded. An analysis indicated 
that these times generally fell within one-third to one-
half of the time to surface runoff. The range of times 
reported in Table 3 are for one-third to one-half of the 
time to surface runoff. Exact measurement of the time to 
surface ponding was difficult, as ponding tended to 
begin to occur in isolated areas and then gradually 
extend across the profile surface. Complete ponding, 
however, seldom occured because high points on the 
surface tended to be above the elevation at which runoff 
began. 
Ponding occurred quickly on all the profiles, which 
indicated, as expected, that the infiltration process was 
not substantially limited by the rainfall intensity. For 
profiles 1 and 2, the initial infiltration rates decreased to 
less than 2 cm/h very shortly after the start of a test 
except for the two tests conducted with material which 
was initially air dry. For profile 4, the initial infiltration 
rate fell to less than 1 cm/h (except for the air dry test) 
within a few minutes after the start of a test. 
Rainfall Rate: Except in the very early stages of a test, 
rainfall rate did not have a significant affect on the 
infiltration process through the single layer spoil profiles. 
At rates higher than 1.02 cm/h there was only a very 
slight reduction in the time to surface ponding during 
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Fig. 8—Typical transient soil moisture conditions for a spoil profile. 
some of the tests. For the three tests on profile 1 
conducted at intensities near 1 cm/h, the surface 
ponding time was significantly longer than for the higher 
rates. The dense spoil profile (profile 4) exhibited very 
rapid surface ponding, and the reported ponding times 
were mainly affected by the microrelief of the surface. 
No changes in the total infiltration volume for a test 
could be attributed to the rainfall intensity. The small 
influence of rainfall intensity on the infiltration process is 
consistent with the theoretically estimated saturated 
hydraulic conductivities for each of the profiles. 
Maximum influence occurred when the rainfall intensity 
was similar to the saturated hydraulic conductivity. For 
this case, however, the rainfall intensity was nearly five 
times the effective saturated hydraulic conductivity. The 
result is consistent with results reported by Moore 
(1981a) and by Mein and Larson (1971). 
Initial Moisture Content: With the drying technique 
used in the study, it was possible to obtain fairly uniform 
moisture conditions in the top 15 to 20 cm of a profile. 
The results showed that the infiltration process was 
significantly influenced by the initial moisture content of 
this layer. With an increase in the initial moisture 
content, there was a marked decrease in initial 
infiltration rates, time to surface ponding, and total 
infiltration volume. Reduction in infiltration rates and 
volume was due to the much lower available fillable 
porosity and the lower matric potentials associated with 
the higher initial moisture contents. The results 
discussed previously showed that the spoil and topsoil 
materials exhibited very rapid changes in matric 
potential and hydraulic conductivity over a very narrow 
range of moisture contents. 
The final moisture content was influenced slightly by 
initial moisture conditions. For higher initial moisture 
conditions, higher final moisture conditions were 
observed. Although small, this observation was fairly 
consistent and indicated that air entrapment played a 
small role in the infiltration process. As the observed 
influence appeared small in this study, a detailed 
evaluation of air entrapment affects was not made. 
0 100 2 0 0 3 0 0 
TIMF (MIN.) 
Fig. 9—Example of two typical sets of replicated tests for a 
topsoil/spoil profile. 
Surface Effects: Initial infiltration rates among the 
topsoil/spoil profiles were limited by the applied rainfall 
rates for all the tests not conducted at a relatively wet 
initial moisture condition. Infiltration initially occurred 
as gravity flow through the large cracks at the surface. 
Between the cracks, a well established 2 to 5 mm thick 
surface layer or seal was observed. The sealed areas were 
preserved from test to test. As a test progressed, the soil 
around the cracks would swell and the size of the cracks 
would be greatly reduced. Sediment laden flow across the 
surface would then result in a sealing of the cracks. This 
process generally occurred 20 to 40 min after the start of 
a test. 
Rapid downward water movement was observed in the 
profile such that the infiltration process began to be 
impeded by the underlying spoil layer within 60 min of 
the start of a test. The effect of the surface sealing 
process was, therefore, masked by the impeding effect of 
the spoil layer. 
To further evaluate the significance of surface sealing 
on infiltration through the two-layer system, a limited 
series of special tests was conducted with profile 5. Tests 
were conducted at intermediate and wet initial moisture 
conditions to evaluate the following effects: 
1. All the cracks sealed (tests 48 and 50), 
2. The surface scarified (tests 54 and 55), and 
3. The surface scarified and cheese cloth placed 
across the surface to inhibit the formation of a seal 
during the tests (tests 58 and 59). 
Transient infiltration results for each of these tests are 
presented in Fig. 9. The results for test 41 have also been 
presented, as this test exhibited results similar to those 
when no seal was present initially. Test 41 was conducted 
after the first complete drying cycle on the profile and 
Surface cracks and surface seal formation were not well 
established. All the tests conducted with the surface 
scarified showed significant increases in the volume of 
infiltration. The time to surface ponding was also 
increased for the two tests conducted at the dry initial 
moisture conditions. The results indicated that the 
degree of surface sealing present at the start of a test 
played a more significant role than a seal which formed 
during the event. The effect of the cracks was not clearly 
established. Tests 48 and 50 showed a slight reduction in 
infiltration volume and small reductions in the time to 
surface ponding. Typical measured water content 
profiles during various stages of infiltration are 
illustrated in Fig. 10. 
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Fig. 10—Typical transient soil moisture conditions for a topsoil/spoil 
profile. 
For the two-layer topsoil/spoil profiles, flow through 
the cracks at the surface was very significant. Flow 
reached the topsoil/spoil interface 15 to 16 cm below the 
surface much more rapidly than might be expected with 
piston flow. With time, the cracks would gradually close 
and a seal would form at the surface. Until the seal was 
completely formed, the infiltration process was 
dominated by flow in the cracks and by the impeding 
spoil layer. The observed initial infiltration process is 
very similar to that reported by Quisenberry and Phillips 
(1976) and by Thomas and Phillips (1979). 
The gradual closing of the cracks and the formation of 
a seal at the surface is consistent with transient seal 
concepts. Studies on this topic have been made by 
Edwards and Larson (1969), Whisler et al. (1972), and 
Moore (1981b). The results of the special tests evaluating 
the influence of the surface sealing phenomenon 
indicated that the surface area initially sealed and the 
number of cracks were the most significant factors 
affecting infiltration. 
CONCLUSIONS 
Experimentally determined relationships between soil 
moisture content and matric potential and between 
unsaturated hydraulic conductivity and soil moisture 
content measured for laboratory-constructed horizons of 
surface mine topsoil and spoil material were well 
described by well known exponential models given by 
Idike (1977) and Campbell (1974), respectively. While 
direct applicability of such determinations to field 
conditions is yet to be established, the results were 
similar to field measurements for similar materials 
reported by Younis and Shanholtz (1980) and 
McWhorter et al. (1979). In contast, Rogowski and 
Weinrich (1981) presented dissimilar results. 
Extremely low infiltration in the spoil material, despite 
its apparent coarse texture, is attributable to relatively 
high bulk density and well-graded particle consistency. 
The infiltration through all spoil profiles tested was 
characterized by a well-defined wetting front. 
Infiltration through the topsoil horizons was typical of 
many agriculture soils, i.e. being characterized by high 
initial rates into macropores near the surface and later 
being controlled by surface sealing phenomena which 
greatly reduced infiltration. As only a shallow 15 cm 
surface horizon of topsoil was constructed in the two-
layer systems, it was difficult to describe accurately the 
infiltration characteristics of topsoil material. For both 
the spoil and topsoil materials, infiltration was 
significantly influenced by the initial moisture content 
and the density of the material. 
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TABLE 1. REPLICATION STUDY* 
Site 
Lake George (grass 
covered)' 
Smiths #1 at Windsor 
(bare) 
Sample 
size 
98 
47 
Mean 
of 
diffr., 
m m 
- 0 . 1 
- 0 . 2 
St dev of 
difference, 
m m 
0.9 
1.2 
* The same observer 
' Taken on two consecutive days 
placed in the tubes to prevent bending and distortion. A 
guiding frame is used to guide the tubes. After the 
guiding frame is removed the tubes are hammered in 
flush with the ground surface. The sunken tubes are 
made of 1.25 cm (internal diameter) galvanized water 
pipe, their length being determined by the depth of soil 
at the site. A reamer is required to enlarge the internal 
diameter of the sunken tubes to that of the legs of the 
frame bars. In the period between measurements the 
tubes are sealed with a rubber bung. A small amount of 
oil is inserted to inhibit rust. In sites of aggradation 
extensions can be added to the tubes to bring them to the 
surface. 
The exact location of the frame bars is defined by 
surveying-in the position and elevation of the sunken 
tubes. A short brass pin, which fits into the sunken 
tubes, has a centre punched hole that defines the centre 
of each tube. 
Detailed plans of the frame may be obtained from the 
author. 
Repeatability of the vernier measurements has been 
checked on grassed slopes and fine gravel covered slopes 
(Table 1). These errors are within the accuracy that can 
be obtained by surveying. Measurement errors mostly 
1979. Soil genesis, hydrological properties, root characteristics and 
microbial activity of l- to-50-year-old s t r ipmine spoils. 
EPA-600/7-79-100, Environmental Protection Agency, Cincinnati, 
OH. 
23. Skaggs, R. W., D. E. Miller and R. H. Brooks. 1981. Chapter 
4—Soil Water Part 1—Properties. In ASAE monograph No. 3, Design 
and Operation of Farm Irrigation Systems, M. E. Jensen, Ed. 
24. Thomas, G. W. and R. E. Phillips. 1979. Consequences of 
water movement in macropores. J. Environ. Qual. 8(2): 149-152. 
25. Ward, A. D., L. G. Wells, and R. E. Phillips. 1981. 
result from problems of defining ground surface, e.g. the 
gage point sometimes hits the side of individual grains 
which stand above the general surface or grass clumps 
prevent the mineral surface from being gaged. One 
wonders if there is any merit in defining surface elevation 
to an accuracy greater than 2 mm in view of the 
uncertainties in defining the ground surface. 
For a plot surveyed with the contouring frame 
significant differences in elevation between consecutive 
surveys require an elevation change of at least 4 mm. A 4 
mm elevation change is equivalent to a 6 kg/m2 of 
sediment being shifted in or out of the plot (assumed soil 
density of 1.5 g/cc). 
CONCLUSION 
A contouring frame which can be used to accurately 
define changes in ground elevation is detailed. Most 
workshops should have little difficulty in building the 
equipment. 
Devices that could be used to automate the recording 
of elevation from the frame have been reported in the 
literature. Micro-processor controlled rillmeters may be 
applicable (Radke, Otterby, Young and Onstad, 1981) 
although they would increase the cost of equipment. 
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